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I 
Pre ^lloolane Tra.^port i>tudv «J^unary    ^ort 
Con-rcctKonr 16<7 (00) lr :>- 1 

-Ul-jlii 

The tnooretleal aH yxD'jrlner.tal ^urMflcAtion Cry th« •■■■>r•, r-ar.co» 
stability and contr 1 of Ultlnfr-vi:.^ rropellr.la:. s if cr.tair.  i ir. 
earlier KACA vine tin:el and fre«- fllrj.t rodel t(»«»ts and v.fjoreticti 
investifratiens coniuctd bv -illler ^ellc- ^rs as ." " o    .1- .(»4   h • 
The si<^ilficant conclusion reach, d as a r^ It o■, :     '* resgar-hes Is 
that the vdr. •, in t.-ar.sition •.ron hov -rinf: to foxvar.: ''li:!»n, ccntri« 
butes imcdiatelv to tr.e lift o   the alrcra^ anci ne :• r rjor«? 
en'iilibriun in fli-I.t at vory lov Torard sroedst   0   .-n al 1 .   r-v.co 
is ue   act tivt t'ic i: rast a..a power renuiruci d:rir - trai-slti^n    -•- 
c.-e^s-ad steadily .ror. the iVixinura value required lr   overin»^ 

The practicability -'.nd all-.roaid best possibilities cf tae   )ror<»ller- 
liftnd, tiltin   virr air-crnft ^s a solutior. to the cnerational   roller. 
of providing air mobility fc/ com! at troops and crr^o is de.'ionstrated 
by two prelininary desl TIS C ' Propelloplane Transports which erloy 
engines scheduled to be rva;lv'le In 195' and l'J 0, resyc-*./ely»   A 
third desi.71, bayed on tr.e e*^mated characteristics of ^ -ir.er tl^t 
will Vecone availabls ii. 1> :■' IF .;)velonecl in cmsiuerable detail to 
shov; the outstanding p-rforrini.oe L.iorov iiients •.:!?* tnav re evr.- •t.'.' di'.e 
to improvements in sn^ne ner'ornance alone» 

Model ll'iP-A, the 196' aircraft, performs the specified missici '.nthout 
compromise and at a desim TOTS weight of 71'?0 po-ntiS» 

Model lö'iS-D, with Allison    '"'O-Rl eni^Lnes, schod iled to be available in 
I960, and usinr   ater inject'on, wlion necessarjr^ to u-.-rmit me'-tinp; the 
hover ceillnrr req lirerentr, al^o p^rforns r.he specified mission b'Jt at 
a ta1.:e-off ^ross vel^ht of V">l,")Oü pounds« 

Model lOiiP-D is identical t.3 i.odel lOiiP-A except ^or the engines, rvsoc 
boxes and nrop.llers»   ivi ..t Allison ^Ol-D0 ^as turbineSj scheduled for 
production in 19!^, drive foar dual-i'otation, eicht-";lade propellers 
approximately 1? f^et lr diameter«    These propollcrs use a cTrently 
 jn_T.n_     ii j. j v: I   _i_x    -Li-- I_»  n^_     • X.„J_J--XJ 1 

aBBUimnc Laiic-oii  irom OUJU i^eo aiu.ouae anu y'j> c%    .-iwi sbai.'.aru oenper- 
atures at this altitude. Model 10i:P-D would be able to carry tilt; full four 
ton payload the entire radius of h2S miles«   This machine, is therefore, 
recommended for immediate development» 
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Propollcpla.Mj Trar.rpori Ü i'  !      I''- 
" : •:   :: !;oi.r 16^    (    ) trjv^r. 

-ü;:T:O!: 

After World War II ine firs», ssccessfil 7TOL »■rcrnft, ir.e nellccpwr, 
v^s enerpetiCÄlly icveloned* !: riad received its r r Us . of i'ire In 
snail nur^ers durin" :r,e Inn*. -.;♦:.5 o:" the var, but VA*  Korear» ccnfl 
became the provlR'» -round Tor Inr'e sc^le testlnr of tne '.^liconter In 
cont at, and it was tr.ere tr.^t it orrr.o4 recognition of l'    ..•.iispensahle 
qualities for nilitar.' trar sport nisFlor^. By the sar.e token, *   n- 
adequacies of reciprocating e» ::ne driver , rctor-lifte'i aircraft, f 
use in many future ccnbat transport situations was o'-sen I    y and 
Marine Corps leaders. 

Concurrently, post-v-ar ieveloonont of tur'ro->t A: I • -■ - •• ower 
plants opened the way to tne possibilit- of <iesi~:.:r. • vertical risii • 
aircraft not involvlnr the UKI of lar'-e diar/.tpr, articlpt d or ser.i- 
articulated rotors, and nany schemes vere P :va:.c^ : for exolcitine this 
possibility. The most impressive early resilts vere the two llavy VTOL 
fighters, the XFY-1 and the XFV-1. 

In 19$üpersonnel of the Arr^ Transportation Corps, reco^nizinr that 
comprehensive en^ineerinr studies vere reqJired for guidance in future 
development of combat transport aircraft, initiated a broad cooperative 
program of study and evaluation of various 7T0L and 5T0L aircraft con- 
cepts. 

Because of its prior history uf interest in propeller-lifted aircraft 
and as a pioneer exponent of the tiltinn-winr turbo-propeller lifted 
concept, Hiller Helicopters was awarded in March, l?1^. Contract ronr- 
16^7 (00) to study and evaluate the development problems involved in 
this sepTnent of tne VTOL aircraft prorram. 

In order to make possible a valid comparative evaluation of the several 
aircraft desirrns issuing from the different groups involved in the pro- 
gram, a statement of the operational problem and the uniform desim con- 
ditions to be used as a basis for study was formulated at a meeting of 
the Militär;/ and contractor's representatives at the Office of Naval 
Research on Anril 27, 19c,:;, and amplified by later meetinrs and direc- 
tives. 

Within the frame work established by specificaii.on and arreement,, the 
nrimary objective of the work to be performed by Hiller Heliconters was 
to make a preliminary design of the optimum tilting-wing turbo-proneller 
lifted aircraft capable of accomplishing the specified mission« A sum- 
mary of the results of that work is presented in this report. 
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iunr-ar.' Heport 
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I 
I 

I 

SECTICK I - D2FI!;i:.J THE F     .. : 

A.   WSSIOK IlEQUIREKENTSi 

The operational problem and specified characteristics of the VTOL 
category of aircraft were stated as follows! 

a) Payload 

b) Take-Off Distance 

c) Cabin Size 

d) Cargo 

e) Hover Ceiling 

f) Minimum Cruise Speed 

g) Radius of Action 

h) Flight Profile 

i) Landing Surface 

j)    One Engine Out 
Performance 

%00 lbs. out 
IjOOO lis, return 

0* over a 50* obstacle 

9« x 91 x Length Required for 
35 Troops 

35 Combat Troops or Equivalent 
Weight of Vehicles or Equipment 

6000» Altitude and 95°^ Ambient 
Temperature 

300 MPH 

li25 Statute Miles 

Cruising Altitude Optional Except 
for 20%  of Radius Adjacent to 
Destination at Sea Level 

For Rolling Take-Off 

/A - .2;  UC1 - 15 

Aircraft to Remain Controllable 
following failure of One Engine 
and be able to make a "Controlled 
Crash" Landing 

Several items of considerable importance in their effect on the 
parameters of the aircraft were necessarily unspecified in order to 
accommodate a wide range of types. In regard to these optional con- 
ditions, assumptions were made which seemed compatible with the 
mission and type of aircraft bein^ considered by this contractor: 
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1) Hover Dorallor: 

The time r-J-iuired to takeoiT, clini  vertically to : 

altitude a;;d convert to for "arc! flir^-.t •.aa a it 
rinute«   A total tine cf ."; ninutes p<r nlssion was allowH 
for take-offs, conversions, ani lan-Ünps,   Keas'irerent of the 
time required for fully loaded Do-i/rlas X-6 ar.: Locklieed 
Constellation aircraft to accelerate fron rost and clinb to 
approximately ^0 feet indicates that ir.e ass-ir.ed tine of one 
minute is excessive.   The low power loadlnr of '.'."LL aircraft 
compared to fixed viv.r airliners ass'ores a nuch higher accel- 
eration ar.d Indicates that unJer normal conditions consider- 
ably less tine would be required,    ihe v;in' tilt actuating 
mechanism vas desirned to tilt tne winr ''O0 in PO seconds. 

2) Cruisir.f! Altitude; 

Cr'iistnr Altitude has been arbitrarily United to 2^,000 ^^ 
to make possible safe operation without oresrurizinf the cabin« 
This assumption norribly inroses a penalty upon the dep\T., 
because in addition to the usual performar;:r> -ains associate«-': 
with increased altitude, tne increased nropulsive efficiency 
of the propellers, which are necessarily toe "'.ir'htly loaded in 
forward flight at low altitudes, ni^ht more ■ lan conpenspte for 
the increased structural weirrht and pressurizing equinnent. 
The effect of altitude was not included in selectinr the oarane- 
ters of the optimur. aircraft, because it would increase the work 

' required beyond our capacity in the sched iled period, and because 
the intended enploynent of the aircraft accents its low altitude 
capabilities. The effect of cruise altitude on nission perform- 
ance for the final ootinum desipyi is shewn in Figure 10, 

l 3)    Provision for ".^nffine-Failure Safety; 

The requirement for ability to nake a "controlled crash" 
landing following failure of one enrpne is the least anena- 

Ible to proof outside of actual experience.    Our desims are 
based on the premise that if adequate reserve ^ower is avail- 
able to reduce the the rate of descent to a moderate value fol- 
I lowing failure of one engine and reduction in newer of one 
other engine as required to obtain trim, plus some suall 
allowance for roll control, then interconnecting shafts may 

I be dispensed with.    The optinum aircraft will hover out of 
ground effect at 5h00 feet altitude in the standard atmosphere 
with the most critical power section inoperative and the re- 
maining pover sections delivering normal rated power.    The 

I 
I 
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I 

'        :   .    d    rash" laril:. s ;;■    .   .     . is '■'   a 
.    .He ris*. r mo r.osi rdverse condliion? of 

. ov-rln-ai '" :' ct it ove t-n»   rouna at " *•'- '.".'-uie 
0F., atruj    .'^ilire of one rov.'cr ;   ••/.'■;   :* 1." • 

instantar.eou:? a;   licatior. of Mill:-    u   r   r - Jlx o:* ihe 
rer^i.'-lr. • sever.  jpe:?alvi- entjines vcul-i re   ..•   .:. i veioc 
oC n^zzr.T.\ M i. '.•»c. cf .        ■•.nn * l feet .•.•cno. 

.)        .. i; • Speed: 

Tr.e specifiod ■/.r ' iTuir'r." speed of 3 •-   .il^s r.r ..our 
was nysar.cd to Ve   . .c   -dial oruislrr* rpeed tr.roii':iout '. .• 
stud:/.   Power plam t-Aiu'i"in.ent durinT nruisin^ flirht was 
the subject of a scpara*^ s* ;dy aired at   ieterrlr.in,» the 
optician division of (r^diucd) na-er anon« *.:'.G ei*ht installed 
po-.fer sections. 

c?) Load Factors: 

Specification of li.-.l* load fartors is r.pcesspn' for those 
comr.onents of the aircraft whose weirhts can not be estimated 
fron enoirical formulae derived fron existing aircraft. For 
the tiltinfj-v'ir.'- aircraft those incluie the vin^ weicht and 
v;ei^ht of hinres, actuating mechanism and control devices. 
Load factors closely apnroximatinr: those spneified by appli- 
cable Civil AeronauMcs Authority requireinents for aircraft 
of similar size ana function were selected. 

SECTIOK II - JESIGM VARIABLES 

A. Ccr.fi.^ur.itional Varj.^bljs; 

The major alternative confi«mirations considers; :n this study 
prior to the selection of the final design are illustrated in 
Figure 1, The moxt basic of these is the number and arrariTement 
of power plants, propellers, and nacelles, Preliminar'- vjeir^ht 
estimates indicated that the tv;o nacelle confifruratlon was in- 
ferior to the four nacelle confi,^ration in aircraft larger than 
approximately 60,000 pounds, and more detailed recent studies made 
in connection with another model indicate that, depending upon the 
hover ceiling  and pow^r plant characteristics assumed, this weirht 
may be as low as U0,()00 pounds. Practical considerations, such as 
maintairdnj* moderate propeller diameters, reducinrr ^ear box sizes, 
and eliminating the interconnecting shafts, also, influenced the 
decision to use four nacelles. 
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Contract Nonr It'   (X) "ay 

Of ihe two alter •       .,'»■-.••!    ...•■.-»'- 
roar-en»Tlne /er     r. wit., 'r.torcenw^cti:.' '     J rj« "io:.- 

•"bl" sul'i'ers ? •.•eir;:'-    enalt" co-^ired '    l  ■   '    M-er.'ir.e r.o: - 
intercom\ccttd :crfiTuratlon«   Ho'rfev r, if tn« ir.t**: -.'.r..' 
rear tox*!8 and snaftlnr LJ  ior. r.ed to nave or.ly a s:,ort life 
for r.J.1 encr^ncT' load ar.d in r.orral operation carries only tne 
unsyrsnetrical load dv« 10 con'jrol -.overents an'. T.rar.5.cr.t var- 
ictions In propeller lord dac uo yawin;»» deferent rates of rite!. 
change betw  r'tt rropellers, ar. i otner finer", terr 
effects, t.ne systen is r.o: prohiMtlvely nta-.y.    •' ,  i;.e 
undeslr^ble cost,  conplexlty.  ma r.tenai.-; ies, a:.d vi- 
brations associn'  u '. .' . l:n' shafts led tc ' . settle 
on ■ ne fo'jr-nacelle,       ■   - i • :•      nf   ■ rat    :   •        •   ';aslc zr.s\~.. 
for this study. 

Four mrthois of -rovdi!. • f r a'.r.lliar; lot ■ '      :.al a:/4, d-irectioia! 
control in noverir..* ^re    .      ■:•-■    ',    T-.e netno! Invrlvir."' •' ■   »se 
o0 Vleed air fror, f-e "air   -.."Ir.** corp •       rs v;a!= cl'arly riled O!:!. 
due to the detrinental effect en enrine e''- lei err/ of the lar^ 
q'iantlties of rloed air r^Tiir^d«    Our estimates irdicated that 
fron a weirht standroint tail rotors and tall .4ets ^1 s »he fuel 
required for tneir operation vere roug.ily eeuivalent with .«"ene 
acl\,f!r.ta'Te accruing to the r.cre "fflcier.t thrust ^roducinpf rotors. 
However, in our .1ud-r.ent the advar.^are was rot ^eat enough to 
•.•arrant the conplication, 'irar in forward flirht, vibrption. and 
.-Äintenarce difficulty ir.currea by their use.    The hiRh snf-, fie 
tl'.rust, sr.ali size turbo-.iet onrines now i   Ln^ ••'ro iuccd are iieally 
suited to tnis si;ort life,  inlernittent op-ration application. 

Three fuel stora e lociatior.s are illustraicd.. each havin" sone 
advai.Lo 'us.    For naxirr.um acrodynanic and struct->rai efuciency the 
winf, tip location ir favored.    In the final optimimi desim the out- 
board nacelles were located at t.ie tips so tnat the underslur.g tanks 
were required.    This position aids in obtaining prorer center-of- 
gravity movement of the aircraft durinp; transition fror, vertical to 
forward flight and is favored from a safety and constructional stand 
point over the fuselage held location. 

The selected landin" near arrangement consists of a wheel and skid 
combination which provides a rolling contact area having a Unit 
Construction Index of hi and is adequate for use on flexible pave- 
ments and landing mats.   With the skid? lowered for vertical landing 
on unprepared surfaces,  the. contact area is sr/'ficient to rrive a 
pressure approximately the same as that of a truck,   3/h ton,   ü x h, 
weapons carrier. 
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For an all-wheel laj.dirj'  -ear, estiiw .:»■-   - 
multiple, srwll,   .1."   pressure wheels 
convci.tional dual •unden   larre, low proasure arra:.-'        ,      • 

■   sane U.C.I.    ?;.'.• coisjpronise fckld and vneel arrar.'»rrr; ■   .: 
. oppr« ciably ll/rhter '.r.ar. cltr.er of t.-.ese arran ^r^r.ls. 

The selenlon of ar. ^.prts.* v     .sly 
. explain d. 
■ 

1 .■> selection of d ial -      ■    :    rot   -.  rs •, ar. P;TL'.". a* 
, part of the ?'>*,'■ r.izatior, ?r.al"s'.'? o" '...e '-asic - ara-/VJ,--. 

B«   Para-elric Variarl^s: 

Tne nunbcr of rarar.evri :• varLa'-l'S s-i- *   ••   • tc a syrv-avl' 
variation as nart of "  ■   -rocesr or sel-ctlnr the nntinun 
aircraft inclu-!?: all '•:, the funda.-.enlal perfornance ^araroters 

, and as nany additional variaMos ar. p^rr.iticd vy the  inevitable 
necessity of rationing our efforts to acccnr-lish the study ob- 
jectives within the oeriod available.    The f-llovir." raranetcrs 
were considered; 

Gross Wei-'ht 
Winn Loadinr 
Aspect Hatio 
Propeller Disk LoadinF* 
Propeller Tip Speed 
Kunber of Blades 
Blade Activit" Factor 

I 
I 
I 
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C. Specification of Furnishings and ciiuipr.ünt; 

It has been observed that considcrDblo variation exirts a:rcng 
the various rrouns concerned in tne present prorran as tc the 
vieirht allowance nade for the aircraft furnishinps and fixed 
enuipnent. In this study a conscientious effort vas made to 
make weight provision for all the numerous pieces of or>praticnal 
equipment ultimately demanded in a fully developed military 
transport aircraft. The list of items considered was adapted 
from the standard furnishings and equinment groups of currently 
operational military cargo aircraft; therefore this f^roup veirht 
is subject to review by the nrocurim' agency if it arrears that 
certain items are superfluous in the intended employment of the 
aircraft. 
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Wltl; the tods an: nethocis 'ieveloped In the wor*«: re-     ■< :   •   •        re- 
ceding seciton, i.'.ree nrelirinary jfsirr.s of Mltlnjr-'-.'inr iurhc-prope]l r 
lifted air raft have been rrodacea.    .r.ese are  .eslfT.aied Pro«>ell 
Transport Models 13.'-A, 10uP-B, and lÜh^-D, and reprea^m al'-craft i:.ai 
could le available In 196', I960, and 195%  respectively. 

Tne sfjdy VMS principally directed tok.'ard the jesi/:     : . -A. 
At the request of the procirir.r arenc;.', aJiltlor.fll studies were nad« 'r. 
develop Model 10^f-B, desired aro-ind tne Allison Model ;     -''l ras i-T- 
bine, scheduled for availability in I960,    ::o:el I   . -D ••:as incluied to 
show how r.ir.or revisions in the specified rission reiuircr.er.ts vo iln 
permit iarediatc devclopnent of a -.actical nachine# 

A General Arranrcnent Jrawinr' of ••.odol 10hr-C, a i-.-o-nacelie -rDnfifruraticn, 
is included for ir.fomation.   ViorK or t/     ies    •. ret  :cr nd 
a prelirinrr' v;ei'*ht estimate when it became o'rvio'.s that it vould not be 
conpetitivc v/ith the four-nacelle confiruration, 

General Arran-ement Drawing lO-.P-A-Xl and Inboard Profile Drawinp V . - 
apply specifically to Ko'icl 10'.'-A,   binilar  irawin's for Koaels I0!t

ft-B and 
10iir-D were not prepared hecausf of their ncarl" iicr.t^cal features.    The 
differences in dimensions of the three models are listed in tr.»' *.aMe of 
leading particulars. 

A.    pooDN KEATUrtlS; 

1. Pilct's Cabin; 

VJei^ht and space orovisiom hrve been made for a pilot, coriiot, 
and flight engineer. Access to the pilot's cabin is provided 
through an intepral side door and ladder or through the door 
leadinr to the car^o compartment. An emergency escape hatch and 
tube to the bottom of the fuselage is also provided, l.'oicht and 
space provision for the electronic and communication equipment 
is made on the flight deck adjacent to the flight engineer's 
station. 

2. Cargo Compartment; 

Cargo compartment dimensions are 8' x 9' x 33'.. and it has a 
capacity of 33' infantry troops or 18 litters or une truckj 1-1/2 
ton, 6 x 6_, cargo and personnel carrier, or 3 trucks, l/h ion. 
h  x h,  utility. The large, unobstructed, rear loading ramp may be 
lowered for "round loading or raised to truck bed height. I 
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Prcr    .      ine Trtnsport   viiy nr-    'e-^r' 

Tr.e :*ally r<?ir»cU: i«*   • • and v4... *!  '3.. ',■ •   «car 
J   n-ofoscd ^s ■/'» 11 ■vft, v.ryl«»' arrar. «-önt  '••.- -»rovl.    • 

1&1« flouiicn fcr IDJ. ' •.   en 3r.T:    a.rr^pr-'»:! ar^as ar" 
a'.^aate tire cor.iict rroa i'or orepatlon  "i        •'*r   rjivays. 
The skidf nre nytraulically rotractaHe to 'orvsrd flight 
landing position«   V.w Ux.dirr   car is accssi: Ic .'.-or. -fit-'in 
th« aircrsft. 

U»   Nacelles? 

The ei^ht powor factions are   ear^d in oairs to four 'i uil-rovav.cr 
six-bladed propellers«   PirewAlls between the oover sections ar.d 
Individjal oil tanks and coolers are provided for naxinu.^ protec- 
tion a^ainst enrrine failure.   Overrunning cl'.rcnoo hctvsen the 
pover section o-aput shafts and '"ear tox Innjt s.iafts orcade for 
disen^e'erjcnt of a failca povar section or "or vol<jntar' shut dovm 
of pov;er .lections In aruisinr« 

5. WlnR-Tilt l>echanl8n (Dravir.,: ldhn\-<X)}): 

Structural efficiency o*' tve v.'infr is not inpair-fd hy the hinged 
connoctlon to  the fusel^'p. The lar.-^e cross sectional area, tve- 
spar, *.apernd, cantilever v.n.' ^cam is co..tinuo;s from tip to ti-'. 
The winr: is hinc^d at the roar spar, located st t; % : ) oercent 
chord station. Cocriinated hall bearing serf  ^acks.. rowercci by 
s central hO horsonov;er hydraulic motor, tilt -he winf» throughi its 
90° tilt ran;e in wenty secon s, th. approximate zir,e  required to 
accelerate the aircraft fron hover to airnlane "lif^ht spe-id. An 
emergency  standby electric motor and hand crank aro 8vailaKle to 
actuate the screvj jacks in the event of .iydraulic system failure/. 

The critical compression lo.-id on the screw jacks vjas found to 
occur on the «-round vhon a horizontal decelerating force is applied 
to the aircraft with the wins in the vertical position. Hydraulicaliy 
actuated lock-pins secure the winrr in the airplane configuration. 

6. Control Functions [Drawings IQl^A-OOli and 10l;3A-OQ5); 

In addition to the usual airplane surface controls, Models lO.'iPA, 
10li8B, and 10iif:D are provided with auxiliary means for control in 
noverinj7 and low speed forward flight. Longitudinal and directional 
control are provided by directing the exhaust rases of a small turbo- 
jet engine, mounted in the tail of the aircraft. Lateral control is 
obtained by varying differentially the power output of the power 
sections on opposite sides of the aircraft in response to motions of 
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.6       r'   lC '    '   ' '       ' I   » -  ' '   '     •■ ..!..;. 

Ll i^c :■ ■     r  • -.e ail' ro« ,  :   c« 
' • f'»nct   .    r  ne.r n^rrji :-/»:... • 

:'H 15.». : /  : ,      :■:    •   . . >■     .  r -l- .     • •. •   •   ai l-rt, ^ 

• !   I .     ••••.:• . • r : H--.  ?; ' V    ; lai-ral   • :   '   . 
•   .  , ■    'u .*ii .  • -  • .      t',..i 

^ M< d wi*:   i-     • I '■   rli •    'ist ■ ■■ elir:ir.ai    . 
Drav.:.   Y.'k-«.. i!   ,• r.L.r r■•• v   snl •   • 
o:* r.*v?"4 llf.   ; ■ \/ rtici.«    Or      -H:;-1G 

■. • ' ;i lim   in^  rvUu^riSi.if' •■'      :. virv    ^'l'. :   ?:.        fe 
. ',•' •'>.    v ■ i      '    .• : . »1 ".crt-ir <! . 'rcl   ,D i.r    ay 

.    .  "0 5:.      ..    rm     •••-•• *^S   .       ;• r >:   »Ik] 

V"!   ■'  n-A a.-.a H-B ot' •.;. ;  arrrii.- w1 ic;   tm.* lar-r r.'ir.'^rs o:* cor- 
*:'cl  •;,1'- -.a." ie rouuo.  "ran v.-   fus^lnre to tro vir- vith 
T"!' "b3e c'.m T ir. r.zllt  tension c-cjrrinf»   I'ie tc »•in^ tilting« 
It •   " ^om».: '. -t if l/. irch diar^t^r control -r^Uos -.-«re ass T""!, 
the ^ .an •,a ir. ^".jtsion -.'ue to   .ir." t:lt notion is Irrs tian   ' C rounds 
d'ir:;. • ih«? rvcle«    Tr.e tensiona a* '   •      •inr/'n^ and 'no of tne cycle 
are e lual, 

Dravin* ". * .rA-<)0'-) shovs '-.ow the exhaust   -»so? rrcp tSree turbo-    t 
er.T^i'js converge in a ccmnon noz7le and are "»u-    cvt the tail ;''t 
■.hrc: Vi ""iillotine-tvme valv?s,    nefowo conv^rorin'' tho   »ressnre 
i-ner^,  of tre flow fror, each enpinf :.a£ been convorteri t.o vclcc-ity 
sc 'An I'ack i'lc^; car.not occur through a stonnod or rai ,.p •   •; ^ne. 
Any tve of the tir?e ir.;.tilled -r.its have sufficient capacity for 
coiiuioi ir  i.it? P:o.'t   :rjtical fli •;•/   cotid" ri..TS.    7':. •'••-.• t-urtf—;ots 
are operated only aurLn-? the take-of^, conversion, ar.d land-in^. 
Thft'- my s.ls^ in jsert as ai.'X'.l.ary r>.^.'c3r sources for F'^artin-y oiip 
jTiain en-^ne. 

D,    LEADING PA.tTICULA,io n.'d PivcCiir^KCL  ^lAAACTERI^TIC^: 

Mc-el 10ii8A and Model lJ/,r'D --».re iaer.ti.. il "in   .JS: rn except for the 
installed poaer plants 3rd propellers«    Model 10//A is trie optini.m, 
i.e., the miniamn pross v/eii'ht aircraft, capable of accomplishing the 
mission using engines having the characteristics which are estimated 
to be attainable by 196c?#    Model 101+-D is based on 1-rie rnaranteed 
characteristics of the Allison ^Ol-D" engines scheduled for nroduction 
in 19^" and takes advantage o^ the   Increased performance obtained by t'.e 
ase of water injection.    By making the initial take-off with T;?ter in- 
jection and with a 20 percent overload, Model IO'ID is able to accomplish 
a reduced mission which is compared graphical with the specified mission 
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In ?i /ure 2«   The propel I.r blades spool Tied for .'^odel J   . '; ar»: 
ccpfionents o:' a CurtiPs^ri^ht propeller corror.tly ii. proiict    • - 
Kodel l.'.'^D represents, tmreforei ar. irr.odiately   lovelooaHc, 
practical Propcllorlane irar.snort aircraft. 

Ko::el lül^B represents a clone approxirnation to the ootin fi air:ra.t 
based or.  w c:" the Allison ''"O-Bl ras t-orlin« scheduled ''r.' nro^jction 
by I960, and 'isinr propellers which are snall-r tnan   lesion? currt: ■ 
nein^ ocveloped for use by I960.    By asinf •■•ator ir.j :tion, ! ociei IC 
can perform the connive rdsnion witnout comproni^e*    Fhe corparatlve 
weights of Models löii3A, lO."':, and lOh'H are sr.owr. ir. Figure >. 
lote Group Vlei^nt Statements ''or each nodel arc t&bnlated in Table I« 
Fif^ire .. shovs the porcent^rp weight breakdoiTi of 'cdei l^'^A.    The 
weight of the t'jrbo-nrop cn-ihos, their reduction "earin-T, the lifting 
propellers, 3nc the tail turVo-Jet en^lm-s, grouped tc-'ether as a pover 
plant weirht, boccnes almost HIKCL! to the airfrane and controls weight. 
30 percent of the TOSS weight is still available for useful load at 
the strfr.Tert dosi^i verticcl take-off condition of 95° at JO>">! f-res- 
cure altitude,   T'rds figure canpares with porhaps about '.^ percent for 
a normal airplane. 

The most forward and most rearward c.^. positions anticipated are 
shovm on Drawinr: 10li0A-001.    Payload shifts of $0 inches are included 
v/ithin there maximum c.f% travels of 10 inches and 16 inches for tne 
winr» level and win": vertical conditions, respectively. 

The l'iadin,T particulars of each model are shovn in Table II, 

A comparative performance S'unP:ary is shov.Tn in Table III. 

i -k. 

C. CHARACTERIJTICS ÜF HODEL 10/irA: 

The remainder of this section is devoted to a discussion cf the out- 
standing; cnaracteristicsof the optimum aircraft. Model lOiiPA. 

1, Basic Operating Characteristics; 

Figure 5 shows how the low equilibrium forward speeds or the 
optimum machine increase approximately ?0 miles per hour for each 
10 der^ees of forward tilt of the winr. This machine would thus 
he traveling about 60 LPH when the winn was tilted 30 decrees 
forward of the vertical. 

CONFIDENTIAL 
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Hiller 'ieiicopters' oxpcrionc- v/ith Uic -iucted i'an flyin • piatfcrm 
has inaicated thct when a flov: i forcibly directed, ir. t'nat case 
by the prcpeller duct, in this case by tl.e winr chord, the corre- 
spondence betveen «ir spe'id and anr^le settlr.p is a most • ositive 
and precisely defined function» 

Figure 6 shows hov ooth the propellei khrust an i required engine 
pcr^er both decrease as the vine anr.le  is decreased :'ron the 90 
def^ee vertical position used in hoverinf» and ron;ard SP- -jd is 
gained. These desirable calculates, basic characteristics hn-»' 
been generally confirmed by IIACA test results« These curv«^ 
fcasej uncn an analysis of this particular case and include 
effect, of nounoin? the outboard nacelles at the vin" tins, 

2, Propelloplane Stability and Control Characteristics; 

The curved lines or. Firure 7 show the fraction cf «rross '-ci • i*. 
that must be supplied as tail jet up or down force in hoverin» 
the low forward speed portion of transition fliTht. Kc tail . 
up or down force is shown to be required at win? anples-of-atM 
of 60 decrees or less. At this aniTle and lower angles and at it* 
correspondinr: forward speeds of 60 ITH and more, the horisonta1 

tail can penerate enourrh pitching moment to trim the aircraft. 1 
small magnitude of these required tail jet thrusts, based upon t 
results, ar.d consideration of the favorable shift of the aircraft 
center-of-rravity as the propeller-en^ine-v.'ing assembly is tilted 
forward, is noteworthy. Only 2 percent of ^ross weight is requii 
in up or down iet thrust to trim the machine. Act lally, t '> pnrr3 .' 
is made available even with one of the three tail turbo-.iet engine 
inoperative to provide a substantial margin to handle unusual con- 
ditions and provide generous power to insure adequately hirft nitch 
inp, angular acceleration and thereby the achievement of prompt 
control iespon.se. 

In hoverinp and low forward speed flight we have provided an^ilar 
acceleration control cowers of at least 12 derrees/second^ abcut alj 
three axes. The imposition of a transient power increase of 12 
percent on one outboard nacelle and a powor reduction of P oercent 
on the opposite outboard nacelle will p;ive rolling accelerations of 
this desired magnitude. 

Figure 8 shows hov the thrust of a turbo-prop can be made to rise 
from its idling to its take-off power value within half a second 
after its power control has been advanced to the "full throttle" 
position. V/ith nropeller pitch change rates of up tu 20 decrees 
per second being made available in propellers designed for turbo- 
prop engine applications, it is evident that adeo'iatoly rapid con- 
trolled variation of propeller thrust can be provided. 

I 
I 
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:     'r.'jntal results 

•rit.ish turbine 
. orvllers, - ut in 

■*\ rotat 
:'avor 01" t:.c slight- 

.•    -'ll^rs. 

• ,   • ■ rrosr •■•jiirht 
:'"\-\ ?o.:'"'.." In terns 
:•   •      . •   v'f .v/ft.'.^iOr.a1. 

•   ■   •   f."  ■latopory 
•tip '' tatncd 

ill r »' :     rojfii.r  .     >. • v-; , ^ritative 
•»:     • . ü!' n ir    • : Iv a? to the 

vivi: nropellp.rs in 
ir.ir counti   , • uly    ^r Propi-Uoplai ,  ! '  nay v«!?. h' 

,       ■•!.•-!■■ ;   ; r ■ -li■ .' 
.   !• , -1    iunl-ro'at 

In   '»roat  I'rit.ain ...... ...      .,••;, •\,*y can 

Our r ■   ; - .-»r ; lä ;•    ■• 
r .     ' .     •, '   ' ;''i ■ ■• ■■':•'.■..:• 1   ''l    ■   ' 

ft r   \ Prop- lloplan anr  lion  '"    " '    ••nr'■' Tlstlcn 
. ■*•:■   ; o'   .-v  tinl#    A;T»

;
 :,,  only ac 

r. .  •   : ■   • -i vr   ; t an ••    ' '.at  this 
• . : t.   i:   am ear:    '.••:;■ I 'M)- 

.HUI1 ':.••■•,,■:• ' , i •. . 

: )    Propel \' V'\ !•■> in-' ' -r   ri-].-; 

■ i (■!; to 1 ,. r i on* r I r n • ; url n-nrop( 1 lor 
>• 'i'ii;''-,     .• Propel loplano r   pnros p   >:     fo:1  viryir."  •  ■   rro- 

]er 1 ! -'dc      ' : '     tlally  in MM' tin •  I le:i    n opposl te 
nides   >r  Mi" aircrat'1   ti   ■ :-.  luco rollinr d-nU'ol   in motionij 
oT t        Hot's control   wheel    luring novprin ;■•-d flight with 

vitv' viTtiv'al, In accom] lish-'l  )\   /arying the pov.'er 
'St • ropellor's constant speed pitch control 

■Mir ' :■;■  I   i   would i'orreöpundingly alter the Made pitch, affectinr; 
chai v  in thrust«    ^hanrres in power of about ± 12 percent of normal 
Lad power appear adequate to produce satisfacton'- rolling moment. 
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.'illonlane Transport St   •■ 
-act';:onr 16^7 '(')-) 

.-ir-ÄBr.' 

•xre "   r.ftr alr^ndy •••en Jiied a.i i: ,i'*»t ■  • #   ■. . 
•i'i the pror^llor xi:y.: .  ■• Ri.isr. of •:.■.:• 

. Ticlcntlv rPSpo:.3lve to r.ov^r r«#liln'!   *      rov'. <   sa*  ?:a:- 
7 ra'-^J o:" cor.'.r )1 rcsror.se,    Develop^dr.l o:" suita' > -i?c..ar.- 
-.3 to perfor«. U\is f-irt-tior. is rev;lr»-■ fen  •    •    rere 

'1   iliii   • 

A r .T.ewh't knottier pro'rler. is fores-er. In '..*: dev^lo*-.«? •    ■' i 
c devic s Tor r>aintair:ir.^ ssfe control followln" fail'jre of a 
r section -indor the .*.ost critical hoverin«» conditions.   If, 

" .• »{.xainple, one 0'i«,roard enTlne so.-tior. failed v/i'.ile the aircraft 
1J   . jverinc; at 6X0 feet altitude a::d i    **, ; w-r shod: be r- 

. in tne opposite outboard nacelle and tnc rcnalr.ln- opera•-;
,
."J 

■   es innediRtely advanced to -Hitar:' oow»r«   Kornal nüot 
rea'Mon, assuming that he ir initially unaware of tie      ^-"er.cy, 

1 : Ke to apply roll control to raintair. level attitude arid in- 
the pov r lever set+in^s to naintain altitude«    Hcvevcri 

-nal ran^e of roll control   .ravel will r.orrally provi ie aho it 
t V      'cent change in ^ower settings, which corresponds roughly 

'»ercenta^e by which nilitary pover exceeds r.ornal rated 
•.    .'hus, anplication of full roll control will not be s-iff - 

'•■» trln the aircraft and automatic -.oans of cenpensatm' fcr 
: jation and simultaneously sir^alin" the pilot that an 

,.r.pf,--r exists should ^e -ioveloped.   The reasibility of dis'>ensinf» 
ito^-connectinc shafts r.ay re contingent unon successful 

nt of such a device«    Effort in this direction is stronrdy 
rccom^en    d# 

Tur) ino Levelopnvnt; 

■.-liftnd VTOL aircraft ororeller efficiency in forvarJ 
flint    •   • .>nnror'iised bv tne essentiall;,' constant speed operation 

: t ;rl   r.es,  in order to naintain reasonahle thernal efficiency, 
, IT,   iropeller for the cruising condition of a Pronellorlane 

Transport would be about I1? feet in diameter.   The larger diameter 
required for satisfactory static thrust in hoverinr results in re- 
duced propulsive efficiency in cruisinp;, if the same tip spead is 
maintained.    If the tip speed xs reduced 2S percent, the propulsive 
efficiency can be increased to about 90 percent.    In this study 
propeller tip speed was considered a constant 900 feet per second, 
which was found to te the ontimum compromise value for this mission. 
The development 'of twin-spool turbines which permit a wider variation 
in propeller operatinq; speed without penalising    .he turbine efficiency, 
would improve Propelloplane performance anpreciably.    This improvement 
must be weighed against the increased weight, cost, and maintenance 
associated with the nore complicated free turbine enrp.ne. 
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d)    Aixill.'iy Co« tr.J 1 J      -V  ',S a;.; ? o'/les; 

A     . . spe:l,*i * ■.   i"^ll * - • •   5 .•»re ■ 
.'< ..::    01 ,  .      :'4\ ' r*  t    ••*■ !e ''or us«- "    • .    . 

•aaos .':;J ' ■ a     riiroi ■..".' 
Loi    .. .'O •■ "!. ■ • . r! o    . 

engine  Lf:raji  *■ . .      •   "..       :oi i - 
U;? sr. il!  ■ ..     :• ... 

for   ■■ ■•    i.'     '.j-rua-..■,.•• • ^'.rni 
'.ie oc'rl .•^C"'  '■:•'   Ni". '■••... • 

•    .   . ai:'.'     .li. •:■ •    .      c  r'c .• I 

0^    '^if. • Zjv: I-', c:   >'•: ' rrl; 

T'IP 'iem&:;d." :,-'ir-      w.-. " n -.•     • of *• ProTll' •      *. 
;: • rone .:. :.   • :.F:  •;   • • :.. .■  i        •   ■ 
of r.odGrr    i.^'c*.!   i- •■;; •.'• -•.•....•;   I- . ■ 
):?sa i •    .      ■■••■■  ' •• • •    • 
'•.'C i:-s • ■ ::      :.    ■•••■•     •.   •, j        . • • _      T - 
..'^rs    ■>      :Yor; i.err: .    ro  f::-"   •: fl- 'h-. 
flrct^d sl'^c.reat   irir^l'^r   rr:* Bchi^vin'*     ' L o    -    L oi     a 
turn tio fJl'^jL^ea.'. * "^     •.     »ro t..'.^r. '.vric: f..': '.• '. .    !' f      '    ■   " ' 
tie airfoil or i':»e a-;*f;il -^      slots or.    ^l^nr», 
binatior., '.n?» h^-r.! snarft-l.'^lstif.'' f r PropelloDl-nc aM'-.n 
require details! vl-.-' -rf :   ■>! luv-sti-'suion,  t   •  ro -v. .w    •  ■ 
aoiodynamic t^cr.nolo^v i    c i.^er-zlst^'. 

oome wind t/mrrl stu^y *. iil           bo rcoiirec  •** '"V-        • and 1    ai'••;, 
of the a:V;ron? or e^'-'lvilrMit lateral oofitroi   i-,v^ ;j'- • • . • i    i8'<-.' 
over tno lateral   "or.-v. 1 ;v i.'jt'-n at. r •     p.vnr. -.a ti..'  ::M.'.>- rror 
hovering; co foivarJ f" i -;i.v. 

f)    Fuel Sy^ü'..-: L.iül"::; 

1'wo de+     .   : ri •.: p: ■    • .:■:.  exii-t   ■ .   tnc*  fnei  s.s*1;.     ' .! r.- ■     i ^T ' V 

TransDoi'   *;..-'r or^ r,c!   i'c :i'i  '„n cv.-nv-"';wLcra]   ^r o anx'jra.L.    \'.\~- •?:.rrt 
is irovi'üa:? Tor ur.;:.'- ••■;;;: d 5" o'-i of  .''Ti \TQr\ rae vii/- tar.-'r u- -. ■- 
en^rnes       owho-'t n!ie  ,.k   !'.-"v-t- cf tilta..-:.    (If :r:? taa'cc -rn l.v.ci'.. 
ir. the fi:..!.'!^"«:,     .        1-' c^upln ^s \.'v.r.'.fm tli:; fus^i-^o ar" '-'.ir.- ••o .Id 
bo needed.)    The.   ' vr.: .•ro;I,r', n.o;- e.xi.'-t dun to tho ex^'ein^lv    ' T. 

rate of cli-nb of t.ie Propellor.lane and resiiltpnt pcsi;ibi,li.Ly oi' fuol 
boilin".   'inlüC.^      .u-ess; "i^ied or refri^erpted fud crstom is G^vific1., 

c)    Cabin PreG-siir-'..:.!:.!''^; 

The decision whethsr to pressurize the cabin of a Propellonl.anp Trans^:;rt 
is a problem in operational analysis rather than a devcioonont pro'.len, 
As stated earlier, our study was limited by lack of inform^ticr: and time 
to make a tnoroii'",;h research  into the effects of altitude an».! crvu^e 
speed on tne optimuin desi^, bat it was clearly indicated th-^t cpevaticn 
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Proiell    la«..- Irn.vapor'  J' .1: -     arv 
Cont:    ■ ;. :.r .       (    ) I   :      . 

al'.o.'.s ;   .   ■ • '1        .     ■ ,    . 
.asls sno . ' ■• r. of .V*?o w. 

or otii r raearjs (i.'icl        \ ■.'•-5-   ud *-!*a/.sri35ior.s) of la- ;1;.- vnt» 
propeller speed In cruiei.p«   0:. tne ot;>';r ..u. ,     ' rl-.^a e 
restrict«? I, press jriztn- M«   :•>'• in '»nd cr     •     • n- ni-j.«, 
•.»ronellcr pcrforrvmco at ccr.siar.' n    o.-.s,    nv •«» ti«'» rirul 
way of ^•ü^^■.Tor.is<^.^• ''v  Jiv;r*ent ;•:::'•• J-MP C.    .•   .•■«". r    ! 
in hovrin/ and f < •    [•»h^r sp'-   ; n .rforrTanre, 

h)     lust and rol'o A ^rc    ; •; 

Tals pro: len rue*. •    P •-revl ••] • • ! in all lond :. •, •.< - 
r'.^•■!,«» aircrpft, ar i no pre '. ^ll    ,  '.r. "'c ' ^ r.r ,    »•»: 
rdven at thin tine.    It i^ inc ;.- -:       • t<r. Vv   c "•an-   •    "r.- nr.i 
strato Tists v»rii.ch «m erstand I litar.  »»iva;   a-    ••   • ■    n : 
the ure of vehicles Cfnferrin' tr-j^ -»ir nosilit-   ■     • •   -■  . v«,r::".<? 

e 1 Lnr.s And t?c*4. "s c it tor: %o the sho/tconin'S as '.oil a-  '.WQ 
outstanding Tiallties cf tacir weapons.   For oxanple, sir. •. rations 
or infren-ient operations from "."»sn-covere I sites would nr,ovavly ve 
en'.ircly satirfactor/ v.'it.. Pronellonlanes ieeai^e of t .e low i-'^id^al 
heat fron the "as turbine exhausts and their relatively ..-' •    Lc^at4or., 
w.iile surfaces of loose sar.;. or dr.* bare soil rd-ht he ler.*:     :ita' !• , 
principally aue to nilotin^ rathnr ti.an rnecnanical   iit'" ■ '■     t.    It 
is conceivable tnat lifrht weight, air transportaMe  V^rlc, pl.rwood jr 
metal landin" nats, sinilnr to t.'.o steel t^ierc d ular.k or' V.'orl/: '.'ar II 
air strips, v.'Ould re adeouatc to prevent d'ist :?tnr .P.    C: I" w •>     ar a:; 
would be needed, wnich cml i lc ranidly staked    n    larv,. 

Of the several VTOL concepts only tne nclicoplcr or tilL-r' Lor lon^crti- 
plan? have lo-.'cr disk loading's than t;.cj Propclloplnnc so t.h.^-!     : arrears 
that the prohlen of dust  rm i :.oi:,e control \::. 11    c farther a-T-vn* •-'. 
by other tynescapable of this rjrsion« 

i)    ModemCnr^o Handling Metlicis; 

Military sponsored studies of methods of !iandl!n'T air car^o cu/rently 
in progress show that remarkable   'ains  in transport capacity are attain- 
able by usinr; en^ineprod,  interrated car'o handling sys'Gnü.    Iiu1 

spectac^lar performance of the Pronelloplane Transport v'oul'" ;■:? 
improved more by modern method of loading and    imload-ijir'   -ar^o "-ccaioo 
of the lover hiock-to-biock time,    iniri item is cited merely to call 
attention to the work that is beinf done in this field and to surrtest 
that is is appropriate to consider its imnlications at the earliest 
stages of plannin"1 for future car^o aircraft« 

I 
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PropcUoplano Trm.nport Stuth' - r? v- 
Contract Kor.r 165   (    ) lr ' 

COt'CL'blW 

The results of ir.e stir.'  v«.   i--? • ••  i*!! r .ieli"    ' ' r ". <     .TT- 
Transporution Corps under "rpir^c*- K< r.r 
ÜRval Hesearch su« siar.tka'c ir.«!«e cor.cl i5ions: 

1,    The Concept of tlliin''-,.firr •.•trV-o- . -   . TT* 

?.    The   OSIT. Pr i cons'n   '.r-   of a P.-c-rlio:   nj>:  ;«• r. 
pcrforn'.••. • the sp:cLfie'i rj        i   :s -or','!«.,   ir i      r.-rr/s 
that are scheu iled for *. ro .uctlor    .   . 

3»    Dosi T. and construttlor        • Propelio-lane caps I^ r- 
forrinn s sll^stly r-   ic J   .Iraion,   jsir.*   ■:.' r.-r 
for   -rodiction in 19s   ,       rosri^le, ■; lr. •.•ort.hvr  L«     •     •'    n 
in tho rrcjs vei-nt o:   •  ■   r.rcine • clo-.; t.h?i t ^•.•.:.►» 
capable of the spocified r. .sior.. 

h»    The developnent orobl''.r.s Lnvclved 1:   t;:"1   fes: r. v.: :<T. trac- 
tior. of a Propelloplnr.'  • :••; • inerois      •::-:.•.•    i- • 
our present tec:ir.olo~'. 
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Prop llof lar.«? r.—uspc — 
Contract let.:' Iz 

r-   '.'■ 

APFihDIX - PIRLICKAPhT A: D .l2FUtQ.:ik 

for har.dllr.- the probl?rJ ur.: • ••   ic      .     .•-..":•   -   • • 1. 
airnrri't ccr.stltuted the   Tester      *:  c:'  . e vo:-<     ' - —.        . r- 
gpondenco a jc: '      ::«j8 •.■'.•.. •.'.•     ü'O!* <».•. Lj        n.. ;:a- 
turera a:A •■ th norscnnel of v... ^tilonai Advisory       . i 
A ronaalcs, Ar.^Si and Lar.rlcy LaoratorL s •■ r^ nclj :"r       •        ■  r 
out the course of tudy,    iJnoclfi'? r, -unt •"'' r,T • ■ .♦  ajs'^- 
ar.ee ron-i^r ■ .^ Propellr Division, "urtis   - rl  at      r;     n-,.  :, 
develop!:;- »:. rrni.-lcal rwthc '  rjBtlnf tr.e velr.ts s * nrc-   . 
fhe infornAtion received fror. Kr. '!harl«->s -i:-r.err.ar. ot* t     Lanfl^y 
Aeronaut',:8l LaborPtor^ In rcr-ar: :    the   ise o0 »rtlc;!« r neilers    a- 
also helpful. 

The details o*" t;.e sources of inforr-atlon and analy'uical r.etho is ur d ':r. 
this study ar^   ;on*.ained ir. filler ^«»licopters r.: • neerir.r 'enrts s .:- 
rutted with tne ProTess .ieoorts and with this renort. 

The follovrinr bibliography lists the Hillor Enp.inoerinr .i9''orts that forr 
a part of the vork submitted or.Jer Contract Nonr lDr ' ( ■ ) und other 
references consulted in the course o:* this stud;-. 

A.    Hillcr Helicopters Engineering Heoorts Subnitted as Part of Contract .liner rtciicopt 
Nonr 16^ (00); 

Title 

1.    Report Ko. hol.I,  "Variation of Propelloplano 
Win-^ Wei -ht with Gror? .Veinht, Aspect .tatio 
and Wim! Loadim:". 

?.,    Report No. 12:.ii,  "Anplication of Model 
Propeller Test Moment Data to Full Scale 
PronollJrs,,. 

3.    Report lio. hoi.3,  "A 3:'.rinlified Theoretical 
Investigation of a Win^-Propeller Combination 
Through i Raj-.-e of An^les-of-Attack from 0° 
to 90c and a Comparison '.-rith Experimental 
Results." 

August 17, 19S5 
as part of Prorrc-ä 
Report I'!o.  <?. 

October 1-, 19^- 
as part of Progress 
.terort lio. 3. 

October 1^,  l":-r' 
as part of Prepress 
Renort :'o.  3o 

ii.    Report Ko, 630.3,  "Generalized Shaft Turbine 
Characteristics", 

December irT,  19^5? 
as part of Progress 
Report lio, h. 
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Propel.o;'        .';• ;     . rfr/  (rv >-\. 

T.« •   •..:   '    ■•':-- 
■• 

"«'■ 

• ' 
9."',' 

i.ay i 

as • ar« •' 

• .    . • .    . . •  - • 
frr  TrarTMori Pre    :    '    : •    .   ." -   " . 
::c-. }\ ' 

7t    ttjno: t i'o,      '..  , "J .   .'it   >. ;i 
Tc:rj cf Pa:;.,,-:r.    Dcrirr. Aha!;..       " r 
Prooelicolsne Tränst crc w . •. .v - Ccjiir»-   \oi,r     Icvar.' .'«.ort. 
165? (ü0)w. 

.    :ieno.-i lie. l-.l.", "P"^—ll?-.la-.fc Sla« :.ay lr, 19^6 
ara -nnircl Repcrt". aj pan of 

ij.ma:v  (< vr*.. 

9.    .(prort Ko. A.in-i- ,  "Trn;   •        Prop^Tl.. L?:)e       Kay 1 
Opera Lion«1 Ar^lysls". as p?r: nf 

Stmnarv   '.<     : i. 

B,   References and PibUo.^r-'^r.-.': 

1, Draper. J.?/.. ar.d Kühn. .l.L-.  "Investi.-'at.jDi. CL' t-T5, Aeroiyna.nic 
CharacT-erisiiC3 of a f.odel ...In--Propel I or Cur.l'i nation ai-; of L C 
Wiii,T and Propeller S'r)^i\T..>lv at An-'l^s-of-Ai-U:'!: up lo v'o'". 
KACA Teciiricl Mc-e 330!,. ?:cv^ber, 19rvi. 

2. hcLer.or«!.  ''.Cl.,  ii-.d Canncr.. I.D..  "Acrodvnarrl:' Ir.vestlratior of a 
Four-PlPde Propeller Cpe; .,:;.• T. vo-: ■ ■ -.: A:, ^.-OL'-AT :aclc aanre 
fron 0° to l'.O0". ÜAGA T-j;...:.nl lo-o ^••"■, Jim-?. U'1 ■,, 

3«   Snelt, i-J..  :3.A., and Davits. ':.. K.S'%..  ".ininat un of Increase- 
in Lift due lo Slinstrean",   I pnd I-. 1 o, I? " .  UC Torv-j.ical 
Reoort,  1937. 

h*    "Propeller Performance Analysis Procedure and Daöa'1, Curtiss- 
Wright Corporation, Propeller Division;  .ie;voi t Fo« 3-lH0'\ 

5. "Wind Tunnel Test, of n Mon-Hotatinr: ^ropeller",. Curtins-V.ri^t 
Corporation, Propeller Division, Report No, C-?56C, 

6. "The IxP Propeller Vibration Problem and delated Effects", 
Curtiss-A/right Corporation, Propeller Division, Report No« 0-131. 
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?•    "A Method of Estlmtlnf» t.-.e Ppopcllor Srairt Loads Induced by 
Kirst-Order Propeller Excitation", Curtisa^.'ri"^ Corpcratlon, 
Propeller Division, Report Ho. C-?37P. 

P.    "Curt188 T'irboelectric Propeller Preliminary Blade and Snlnn*»r 
stress Inveatl/^ation - 

Kodel CT(6LP) 6^S-A Propeller 
Design 1060/1061-1X5-36 Blades (^'O") 
Allison XT.'iO-A-6l3 Sr.f?lne (.063q) and 
Allison XT!iO-A-i:, Engine (.0706) 
Loclcv.ed XI-'V-l Airplane (Ko :-l 0nl) 
Contract KOa(s) S3-6lr-c Lot 2, I ten 7" 

Curtiss^'rifht Corporation, Propeller Division, Report Ko. C- 

9»   Cortiss^rif^ht Corporation, Propeller Division, Unpublished Kenos: 
(a) "Estimating Fornula for Basic Propeller Weir^ht", January 1?, lotI . 
(b) "An Apnroxinatc Prooeller Weii^it-Strenpth Formula", October J   , 

1955. 
(c) "An Anproxinate Propeller Wei^ht-Aq Helationship", November 11, 

1955". 
(d) "A More Accurate Propeller Weight Fomila Based on the Aq Factor", 

December 1, 19^5. 

10. "Procedure and Data for Propeller Performance Analysis", Aeroproducts 
Division, General Motors Corporation, .ieport No. 190. 

11. Garbell, Maurice A,, "The Ground Hun of Aircraft in Landing and 
Take-off in ICAO Units", Garbell Research Foundation, Garbell 
Aeronautical Scries No. 3. 

12. "The ("RF") Graphical F.ethod of Parametric Analysis for the 
Development of Optimum Preliminary Desipyi Aircraft", Hiller 
Helicopters Report No. .Ii73.p. 

13. Curtiss-Wrierht Corporation, Propeller Division 
Catalog: "Electric - Mechanical - Turboelectric" 
Curtiss Propellers - Current Models for Reciprocating and Turbine 
Aircraft Engines, September, 195ia. 
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ENGINE  AND NACELLES AUXILIARY CONTROL 

MM a     ;; 

EIGHT ENGINES - FOUR NACELLES 
NO INTERCONNECTING SHAFTS 

1 
TAIL JET 

AUXILUARY TURBOJET ENGINES 

1 r :i I « *♦ 

L 

FOUR ENGINES -  FOUR NACELLES 
INTERCONNECTING SHAFTS 

I 
TAIL ROTOR 

AUXILLIARY  TURBOPROP ENGINE 

I 
—7 

T 
FOUR ENGINES - TWO NACELLES 

INTERCONNECTING SHAFTS 

ii      a a      ä 

111     11    t     I1    $ 

TAIL JET 
MAIN ENGINE  AIR BLEED 

FOUR  ENGINES - TWO NACELLES 
ENGINES GROUPED IN FUSELAGE 

TAIL ROTOR 
MAIN ENGINE DRIVEN 
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DUAL TANDEM 
WHEELS AND SKID 

LANDING GEAR 

^ 

^i 

LOW PRESSURE 
DUAL TANDEM  WHEELS 

^ 

HIGH PRESSURE 
MULTIPLE  WHEELS 

FUEL STORAGE 

PYLON MOUNTED TANKS    TIP MOUNTED TANKS     FUSELAGE TANKS 

CABINS 

UNPRESSURIZED 

PROPELLERS 

SINGLE  ROTATION 

PRESSURIZED 

FIG. 
DUAL ROTATION 
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MODEL  10480 
PERFORMANCE 

PAYLOAD 

300 mph 

CRUISE  SPEED 

425 
itol mi 

910 
no» mi. 

RADIUS OF 
ACTION 

SPECIFICATION 
MODEL 
I04eü 

FIG   2 

COMPARATIVE  WEIGHTS 

GROSS WT   

EMPTY WT   

I048A 
(1965) 

GROSS   WT. 

EMPTY WT. 

71250 

50200 

FIRST LANDING   65650 

2nd  TAKE OFF   61650 

I048B I048D 
(I960) (1956) 

101000 83600 

70935 59820 

91050 76000 

85600 71000 
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FIG. 3 
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MODEL   I048A 

PERCENTAGE   WEIGHTS 

USEFUL 
LOAD 

POWER 
PLANT 

FURNISHINGS 8 
EQUIPMENT 

AIRFRAME   8 CONTROLS 

MODEL   I048A 
FORWARD   SPEED VERSUS 

WING   TILT ANGLE 
160 

140 

120 

FWD.    loo 
SPEED 

M.RH. 
80 

60 

40 

20 

90     80    70      60     50     40     30      20 
WING    ANGLE - DEGREES 

FIG   4 

' 

1 

/ 

/ 

/ 

y / 

y / 

/ 

r 1 

/ v 
FIG. 5 
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THRUST 

sopoo 

MODEL   I048A 
POWER   REQUIRED VERSUS 

WING   TILT  ANGLE 

90     80     70    60     50    40    30     20     10       0 

WING   TILT  ANGLE 

W 

MODEL   I048A 
TAIL JET FORCE REQUIRED 

FOR  TRIM AS A FUNCTION OF WING 
TILT ANGLE  AND CG. POSITION 

TAIL JET FORCE AVAILABLE - 

-.05 £1 TAIL JET FORCE AVAILABLE - 

ONE ENGINE OUT 

90° 80° 70° 60" 
WING   ANGLE -DEGREES 

50* 

FIG 6 

FIG. 7 
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POWER 

LEVER 

TYPICAL   TURBINE   TRANSIENTS 
FROM  TEST   RECORDS 

TO 

I I I I I I I 

BLADE 

ANGLE 

TOr - 

Fll J I I 
0       12        3        4       5        6        7 

TIME-SECONDS 

MODEL 1048 A 

MISSION PROFILE 

FIG. 8 

STARTING 
POINT 

PAYLOAD 
OUTBOUND   8000LBS 
RETURN        4000LBS. 

FIG. 9 
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MODEL 1048 A 
PAYLOAD-RANGE  PERFORMANCE 

10- 

8- 

I 
o s 
I4 

I- 
UJ 

2- 

0- 

NAUTICAL 
MILES 

200 400 600 800 

RADIUS OF ACTION 

CONFI DENTIAL 

1000 1200 

FIG.   10 
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MODEL 1048 A 
HOVER TIME VS RADIUS - SEA LEVEL, STD. 

0 NAUTICAL 
yiLES 

RADIUS X 100 
FIG. II 

if) 
CD 
-I 

X 

I- 
X 
o 
UJ 

(/) 
o 
o 

100 

MODEL 1048 A 
TAKE-OFF DISTANCE VS  GROSS  WEIGHT 

500        1000       1500     2000      2500      3000      3500 

TAKE-OFF DISTANCE TO CLEAR 50 FT-FT 

CON Fl DENTIAL 
FIG. 12 
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. 
10. 
n. 
12. 
13. 
li;. 
15. 
16. 
1?. 
: . 
19. 
20. 

a. 
23. 
2\x. 
25. 

i.. . 

A\' •   re.4. 
Ta:.   *.* 

\s "ircur 
S^r'.'ace Controls IJ'OJJJ 

Coc       I r.ircia 
Ai'-o^iitlc Pilot 
iysie» Controls 
Win- Tilt Kecnai.lsr. 

En?in« io^'-lön or Mi»c^Ue Iro'jp (.':) 
Prop ids i or, Oroiip 
• Enfrtn« Ir.fUllation - KAIH ( S' 

Trar.a-ilsslon ard Drives (h) 
Pn«l System 
Water 'r.action Systcn 
Profiler Insullatlon 

Propellers (ü) 
Spinners     (..) 
Propeller Control 

* SupplenenUl Control Emrine Installation (3) 
Sipplemental System Control 

Inslrufj.ents and Navi^atio:! Equiprent C-roup 
Hydraulic and Pneumatic ".^oup 
Electrical Group 
Electronics Oroun 

,3,,, 

.'0 

26. Kumisninrs h Equipment  iroup 
27. «*Acconip:odatlons for Personnel 
28. Miscellaneous Equipment 
29. Furnishings 
30. Emergency Equipment 
31. Air Conditioning and Anti-Icin* Equipment 3roup 
32. Air Conditioning 
33. Anti-Icinf» 
3lu Anti-Icing - Proppll'. ■ { .) 
35. Anti-Icin«; - Otncr 
36. Weight Entity 
37. Useful Load 
38. Crew (3) 
39. Fuel - Mission 
iiO. Fuel - Control 
U.   Oil 
li2.   Troops ar.d/or Car«»o 
[i3« Design Oross Wei gat 
liia. Fuel - Overload 
Ii5- Wa-^er -Water Injection 
li6. Take-Off Gross Weight 

300 
300 

7^l: 

11R5 
130 

... 

?00 
6(30 

600 
11220 

^30 
300 

rooo 

'. \ 

' u 

*&- 

'^lOVO 

71250 
0 
0 

71250 
-.I V * Engine installatDons include air induction systems, exhaust systems, ceding 

systems, lubricating systems, Gn^äne controls, and starting systems. 
**Accommodations for personnel includes: 3 crevi seats k  safety harnesses ■ 150 lbs. 

35 infantry men seats - 350 lbs,; toilet *• washing facilities ■ ?00 lbs.;: and 
oxypen instaliation (including charge) for 3P men for 3 hours duration ■ J4B5 lbs< 
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mrt iTIAL Tni'Li.   I 
lULi ftc          !         'TAWuiT 

- .  -- 

.. 
. . 

. 
.. ■ 

• 23/0 
• 

• 
p • . 
i • 

■ 

.WO 
r. 12600 

13. 
{'"fn 

ii». rr") 
is. in 
16. 131 '' 
< 1^60 

r. 2liO 

19. 1<0 
. l    n 

.0) 
. 

23. 61«; 
2*. 112' 
- . 500 
2b. 1800 
P. vst 
?K 130 
29. US 
30. hho 
31. 

r".y 

32. 200 
33. 600 

}h. 300 
35. 300 
3o. 711435 

37. 215'65 

38. 600 
39. ll.'^O 

iiO. 1211- 

hi. 300 
h2. POOO 

ii3. 93000 

iii;. 6^50 

hS. lii^O 

ii6. 101000 

^ 1  v A 

. 1 

• 

150 

LOO 

iPOO 
nr-- 
130 
L5 

.'J40 

200 
6^0 

3p0 
300 

r-;9r'20 
11 'JO 

600 
3600 
930 
300 

6000 
71250 
v'.^O 
?900 

1 V, .0 
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- DTK i PA'.TI    . 

MO   .:. lO.'.'A 

.siona 
Lci.rth (O/ürall) 
Wloth (Outside of Propellers) 

. • .t (To Top of Vertical Fin) 

WelrHts ar.d Looci 
Enpv- Welrhi, L'ra. 
Pa-lcac. L": 8. 
Hain P'jel, V. »• 
At'xlliar- Control F'sel, Lbs. 
Cll, L's. 
'./ater-Alcohol.. Us* 
Deal n\ Tfro^a ..'oi'-ht, LVa. 
Overload Fuel, Lna. 
Take-Off "iross Vfei<»ht, L a« 

■o?y) • 
' i 

■ . ■< 

l 'i; 
3,0 

) i 

71?^ • ■ 

0 .' .%'^ 

71^': I 

'liiV.Z 
Span (Setwoen Cer.terlinea of Outboard 

Nacelles) 
Area, Square Feet 
Aspect ilatlo 
Taper .«.atlo 
Airfoil 
K.A.C. 

793     :  .i     /o? 

2:1     ?i\ "'.l 

10' -10" 11' - :." 1 ' - 10" 

Vertical Tail Area, Square Feet 
Horiaontal Tall Area, Square Feet 

Propellera 
Diameter 
Kumber of Blades 
Activity Factor 
Tip Speed 
Disk Loading 
RPM 

211 :';i ".: 
232 277 232 

lr' - 7" 21« - 6" 19' •  1" 
6 6 p 

13? 13^ i:6 
900 900 900 

et.h o.'i.O 72.5 
926 r.oo 903 

Landing Oear 
Wheel Pase 
Truad 
Tires, Main, 8, Type VII 

Nose 2, Type VII 
Contact Area, Square Inches 

Skids Lowered 
Skids Raised 

2V - 3" ?];' - 3" ^ .i - 3" 
IM - -ii lit' - 7" l1:' - 7" 
32 x 6.6 30 x r.R 32 x i.6 
29 x 7.7 30 x 7.7 29 x 7.7 

2^6 
971 

3630 
13P0 

2<h 
971 

Auxiliary Control Turbo-Jets 
Model 
Normal Rated Thrust, Lbs. 

"1965"  KX2273   MX2273 
2200    2ii50    2l.|.?0 

I 
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Kcdol I   . - -      - 

•.-s - " Ei?'. "i •   "       Al.      :. 

Konral Rated Pwer * Sv« L  vl 
!.'.iiiar:' Pow.r » ^h I- \ 

J, Ktl-s P r Mo-ir 

Swli, ^-6 U      . Svi., Po- i   . 
Jr-i'. ^o, ^ea L.v  . 
Cruije,   '  X y-■ .V 
Kaxir/iii, bet Lt ■.•"•  .   ^ li.dP ; ,  i 
i:axir..sw, 250C' F-v-t (LCf : •■? 

Int. F •.' Po:  K.t ;•«> 

,    "H Lovel (.   '^ KRP) 
Haxlnuia, .'5000 F.."  (I   '' I..1P) 
Vertical, SHR W.V:1  (V^ N.^Pl 3." 1- 
Venical, 60t.O F--', 9i:0F., H.xir      Po;;:r 

Ceiling, Feat 

Hover, oi-.d, k- '.o^-i^r*., Kax :-J   P .   . ii:7 * 1 ♦ 
iiervice, K.^P l'Cr; 

Hovor 

% Maximum Pou^r ^lu.Lred t,..i H.-, ■ •:• ... 
6000 Feet, 9b'0F« ' ^ »     • '• 

.lai^e, hi ic-s 

Ferr- ai 2pO.X) Foet, Cruise Ai;,!1;-''-, 
''. ■ Overload fc 10^ rteser"* 3^?^ ' J'^ - .'• 

Radius of Action fcr Specifi-jC. K;-r.I.:r. '-.':' 

*     Calculated at Desifm Irc^ Viei.---.. n:' •3,r,ü0 Ll s, 

^   Calculated at Take-Off Grcs:-' W-: '■/. 

»     Water-Alcohol Injection ','.:...'. 
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ntrr 

•-• 

.-. 
I: 

X-P^e'^ *• 
: ">< 

;v . 

• » 

i 

1 ! 

■- fci ü — 

I 

I) 
IMS 

1)1) 

- • 

POWER SuPPiy 

.VO»M   M. C-E.AB 

JACK 

V RE/V 

■    '.'■ 

\ 
«'OR ^.r 

\   i T\ 
-t 

«■.'ANDÖI 
tliCTPlC 
•••    ■    Ü 

I       RLSERVOR 

DiRtCTiONAL CXTN^ROl    yA, /E 

HORAULIC   MOTOR 

SPUR GEARf, 

-.^CK. ACTUATOR. SYSTEM 
(SCHEMATIC) 

SCALE     NONE 

—*- —^b»- —M 

VIEW A • A 
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A 
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EXCEPT AS  rjOTED 
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PALO   ALTO,   CALIFORNIA 

WING HINGE  AND ACTUATOR SYSTEM 

BCALC 

NOTED 
DR*WNG. LARSON D*Ti 3/i?/S6 

DATI     .      .    -. 

DRAWINQ NO. 

I048A-0Q3 
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. 

IMS 
I 

\ 

rv— 

IS I 

■ 

»_J 

\ 
- 

I 

" 

^ 

o- -( » \ \ , 

SI IDF   VALVES  ifJ  POSITION   'OR   MAXIMUM 

RDRWARn  PITCHING   MOMENT 

(YAW CONTROL?  ARE  SIMIIAP   TO  PlTC-H CONTROLS) 

CONTTOi    MLCHAN.OM 
SCHEMATIC 
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• v.  .•«.  - 

I : 

: >     ; 

I 

AA 

I 
I 

•TT 

INTEG3^^   LADDER ON 

D0C3 PROVIDES EASY 

ACCESS TQ EKiGiNES 

A 

SCALE 
0    10 :■ 

NCME.S 

*  ao   ALTO,   CAUrORNIA 
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